Summary: Intercalated duct cells are present in the alpha and beta islets of chicken. The intercalated duct cells adhere to each other via intercellular junctional complexes at the apical side, projecting many microvilli and a few cilia into the lumen. They also extend slender cytoplasmic processes between the islet endocrine cells. These intercalated cells appear to have a stellate form, and to wrap their cytoplasm around endocrine cells. Administration of tolbutamide led to increased electron density in the cytoplasm of intercalated duct cells. Lysosomes are present in these cells in various numbers and sizes and tend to increase with time after administration of tolbutamide. These observations suggested that the intercalated ducts not only pass through the islet, but also play a role in supplying islet cells. Blood glucose levels of untreated and experimental chickens were determined by the easy paper method using a glycostick or dextrostick (Ames, U.S.A.) just before administration and at sacrifice.
Each lobe of the pancreas was removed immediately after sacrifice, cut into thin slices (about 1 mm thick), and fixed in 1.5% glutaraldehyde and 0.5% paraformaldehyde in 0.1 M phosphate buffer at pH 7.4, followed by 1% osmium tetroxide in the same buffer. The tissues were dehydrated in a graded series of ethanol, and embedded in Epoxy resin. Ultrathin sections were cut with an Reichert ultramicrotome, stained with uranyl acetate followed by lead citrate, and examined with a Hitachi H-7000 electron microscope. 
1) In the control
Two types of islets were observed in both groups 1 and 2 pancreas. Alpha islet were largely composed of alpha cells and a few delta cells, beta islets were composed of beta cells and a few delta cells. Alpha cells were columnar in shape, and contained less-developed cellular organelles and characteristic alpha dense granules surrounded by a membrane. Beta cells were round, oval, or irregular in shape, and contained more or less developed cellular organelles and characteristic beta granules. These granules were polymorphic and consisted of three main types; needle or bar shaped, ring-shaped, and spherical shaped; and they were enclosed by a smooth membrane. Delta cells were observed in both islets, and were characterized by the presence of less dense spherical granules.
The intercalated ducts were situated in the periphery and near the center of the pancreatic islets of chicken. These ducts connected the exocrine acinar portion with the peripheral portion with the islets by a narrow lumen, and consisted of epithelial cells. These epithelial cells were stellate in form, connected apically by the intercellular junctional complex, and had many microvilli and a few cilia on their luminal side. Abluminally, these cells extended slender cytoplasmic processes between the islet endocrine cells. These processes sometimes made small desmosomes with islet cells. The nucleus of these cells was relatively small, round, oval or polygonal in shape, and usually situated in the apical side of the electronlucent cytoplasm. These cells contained small mitochondria, small Golgi complexes, sparse granular endoplasmic reticulum, microtubule,, microfibrils and a few lysosomes, but no endocrine granules. These cells frequently showed mitotic figures in the islet. There was no difference in the ultrastructural finding between the untreated control and the experimental control (Figs. 1, 2) .
2) Tolbutamide administration
The blood glucose level reached a nadir at two hr after the administration of tolbutamide and then recovered slowly with time, attaining the initial level at 48 hr ( Table 1) .
The beta cells contained well-developed cellular organelles, including Golgi complexes containing many immature granules and extended granular endoplasmic reticulum in a lamellar arrangement. The needle or bar shaped beta granules were decreased in the cytoplasm. There were no conspicuous changes in the alpha and delta cells.
After the administration of tolbutamide, remarkable ultrastructural changes were observed in the cytoplasm of duct epithelial cells. These cells increased in electron density, became distinctly stellate in form, and were easily distinguishable from endocrine and endothelial cells and other components in the islets. The darkening of these cells was due to an increase in microfibrills and lysosomes. Lysosomes increased with time after the administration of tolbutamide. Endocrine granules were not observed in the duct epithelial cells. The lumen of the duct was generally empty, but sometimes contained dark material. The slender cytoplasmic processes of these cells extended abluminally between endocrine cells, frequently surrounded the endocrine cells, and reached the basement membrane (Figs. 3-6 ).
Discussion
In a previous manuscript, we documented the presence of intercalated ducts within the endocrine chicken pancreas"). However, the cytologic changes of the intercalated duct cells were unreported. In this manuscript we describe the results of a series of simple experiments designed to examine the cytologic changes in intercalated duct cells following tolbutamide administration.
In the present study, the intercalated ducts in alpha and beta islets of the chicken pancreas were clearly identified. The epithelial cells of the duct were stellate in form. These cells were not Schwann cells or Cajal's interstitial cells"), because they made ducts with lumina and junctional intercellular complexes with each other, sometimes reaching the basement membrane, and had microvilli and cilia on their luminal margins1,23,26,27), without attached nerve elements.
The intercalated ducts and centroacinar cells associate with islet cells in some cases of inflammation, cancer or hyperactivation of the pancreas"'").
An excretory ductule surrounded by several endocrine cells were observed in the islet of elasmobranchs and snake20, 21, 26) , and in early development in anura"), avian"), me), bovine") and human embryos9). The pancreatic ductular epithelium of the rabbit was observed to be contiguous with or within islets and new formation of B cells from duct epithelium could be traced under long term hyperglycemic status8'24).
Tolbutamide, or sulfonylurea, directly stimulates the beta cells in pancreatic islets, leading to insulin secretion and decreased the blood sugar levels. Panten et al. (1989) reported that the hypo-and hyperglycemic effects of sulfonylurea result from a chang in the permeability of the ATP-dependent K+ channel in the B cell plasma membrane").
In the present study, the administration of tolbutamide darkened the cytoplasm of intercalated duct cells and induced a stellate morphology. These changes were evident in both the alpha and beta islets, suggesting that tolbutamide affects not only beta cells but also intercalated duct cells. Lysosomes in the darkened duct cells increased in number and size after tolbutamide treatment.
Despite very different embryonic origins, intercalated duct cells in the chicken pancreatic islet resembled folliculo-stellate cells of pituitary organ in their association with endocrine cells. The folliculostellate cells constitute the follicular margin, and have slender cytoplasmic projections extending between granulated cells, in a number of species318).
Several papers have suggested that folliculo-stellate cells might be involved in phagocytosis, support, contraction, stem cell function and paracrine regulation of hormone secretion418). The intercalated duct cells of the pancreas, which penetrate through the islet, may also serve similar functions in islet endocrine cells. 
